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IHTRODUCTIOlSr. 

This paper is a description of the methods followed 
and the results obtained, in a study of the mercury- 
lines, by means of the Michelson echelon diffraction 
grating. The simple theory of the grating is worked out 
with its special application to the IHichelson echelon 
grating, and a description is given of the methods 
adopted for the determination of the constants of the 
instrument, and for the study of the mercury lines. 
The results obtained are compared with those of L. 
Janicki. The light from a mercury arc of the Arons 
type was also tested to see if any Doppler effect could 
be observed. 

The composition of the mercury lines has been in- 
vestigated by a great many physicists with somewhat vary- 

2 

ing results. The subject has been taken up by 0. Lummer , 

A. Hagenback and H. Konen^, with the Rowland grating. 
Further investigations were made by Ch. Fabry and A. 
Perot* with their type of interferometer. The most con- 
cordant results have been obtained quite recently by 

1 Annalen der Physik. Jan. 1906. 19 pp. 36-79. 
^ Verhdl. d. deutschen phys. Ges. 1901. p. 95. 

2 Zeitschr. f. wissehsch. Photogr. 1 pp. 342-346,1903 
* Ann. de chim et phys. (7) 12. 
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Gehroke and Bayer ueiug an improved form of the Lummer 
interference epectro scope and by L Janlcki^ with a 
Micheleon echelon grating. 

The Doppler effect has been readily observed by 
Stark^ and by Hull using a canal ray tube filled with 
hydrogen. The aridence of the existence of the effect 
in the case of the mercury vapor was questionable. 



I Annalen der Physik 20, p, 269, 1906. 

^ loc. cit. 

^ Astrophysical Journal, Jan. 1907, pp. 23-44, and 

April, 1907, pp. 170-194. 
4 Astrophysical Journal, Jan. 1907, pp. 1-22. 



Digitized by 



Google 



Digitized by 



Google 



GEEERAB THEORY OF GRATIHG. 

A grating ie a surface having a periodical structure 
wMoli impresses a periodical alteration of phase or in- 
tensity on a transmitted or reflected wave of light* A 
common method of making a grating is to rule lines 
parallel and equidistant, on a glass or metal surface. 

In Fig. I, let A B be a transmission grating. The 
openings a, and a^ etc, may he considered sources from 
which secondary Huyghen's wavelets are propagated. Let 
C D he a wave front. In order that the light at C D he 
in the same phase the optical distance L F^ - L^F^must 

equal some multiple of a wave length. 

Sin © - M - ^ 1 

\i being some integer, \ the wave length of light, and e 
the distance between corresponding points in adjacent 
openings, i.e., the grating space. 

There is more than one value of © which will give 
a maximum, but the number of values is limited since 
Sin © cannot be greater than one. Therefore n may be 
any positive integer such that the product Yi-^ is less 
than one. That is, n must be less than t. The maxima is 
Uka, where If is the number of lines in t? :^ ..^ ting, a the 
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2 
amplitude of the incident li^t, end k a constant de- 
pending on the direction and the shape of the grooves. 

If the light which comes to the transmission grating 
does not strike perpendiciilarly upon the grating as re- 
presented in Fig* I, but makes en angle© with the normal 
to the grating as represented in Fig* II, then the light 
coming from adjacent openings in the grating will exper- 
ience a certain relative retardation. 

In Fig. II, the retardation of the light ray R^ , 
over the light ray R , as they enter the grating is 
e sin 0. However, upon leaving the grating the light 
ray R is retarded an amount equal to e sin over the 
light ray, R^ . Therefore the resulting retardation is 
e( sin q>- sin© ) which must equal some whole numher of 
wave lengths if the light is to be in the same phase, 
e ( sin ^ - sin © ) = n X . 

Dispersive Power : The equation e sin Q =nX gives 

the conditions for the li--''^^ r^-r wave lengthX making the 

t6 the 

angle © with the normal^ grating to be at a naximum upon 

reaching the screen, IT there is a slight increments© 
given to angle , this would cause a slightly different 
wave length (A ^-^M to be at a maximum. 
Therefore e sin ( © +A0)s n(X +AX) . 
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How "by the dispersive power of a grating is meant the 

value of the limit of the ratio A£. ,or ^Lfi. . By differen- 

^ A dX 

tiating the equation e sin © =ifvAwith respect to X 

e Cos 9 ^-^ = ^ 



d X 



d G 



a X e Cos© 

Ihis shows that the dispersive power of the grating 
is directly proportional to the order of the spectrum 
observed and inversely proportional to the distance be- 
tween adjacent lines of the grating, and also inversely 
proportional to the cosine of the angle which the light 
leaving the grating makes with the normal to the gratii^g. 

Resolving Power of a Grating : In order that light 
contdning wave lengths of X and X +aX respectively may 
be separated so as to form distinct images upon the screen 
after passing thru the grating and being focussed by the 
lens the breadth of the diffraction band due to each wave 
length must be less than twice the distance from center 
to center of the two bands. 

In Fig. 3 let A£ be a grating and let DF represent 
the direction of the light which when focused by a lens 
gives a bright line* Let C£ be perpendicular to DE. Then 
DE » NnX, where N is the number of lines in the grating 
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and n is the order of the spectrum formed • Let CH be so 
drawn that the perpendicular DH let fall from point D is 
equal to (Rn + 1) X • Light from corresponding points of 
the two extreme openings in the grating traverse optical 

distances differing by (Nn + 1) X upon reaching the screen. 

N 

Light from the first opening and the -r opening will be out 

of phase by a half wave length upon reaching the screen 
providing the number of lines in the grating is even. If 
the number of openings is odd the last one may be neglected. 
Thus the rays parallel to DH interfere destructively. Con- 
sequent ly» light of wave length equal to X , will cease 
to be diffracted along DH, but will be diffracted along any 
line lying between DF and DH. Let CK be so drawn that the 
perpendicular DK let fall on it from D is equal to 
(Nn - 1)X . Then by reasoning similar to that used above, 
it can be proved tlfjat light of wave length X will just 
cease to be diffracted along the direction DK, but will be 
diffracted along all lines lying between DK and DF. There- 
fore the nth bright band corresponding to the wave length X, 
will be formed bv rays diffracted at angles lying between 
(© - ^®^^ ^here FD makes the angle © with the normal to 
the grating, HD makes the angle (© + A 0) and KD makes 
the angle (0 - A©) • 
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5 
DH is approximately equal to DE plus the circular 

arc of radius CE times the numerical value of A 6 

expressed in radians. 

Therefore DH = DE + CEAO 

But DE = Ne sin G, and CE = Ne cos 

DH = Ne (sin 9 -»• cos O* A9) = (Nn + 1) X 

In a manner similar to the above 

DK « Ne (sin 9 - cos 9-A9) = (Nn - DA 

From the last two equations by subtraction: 

2Ne cos 0*d0 = 2 X 

Solving for dG, d0 = ^ 

Ne cos 9 

By substituting in the last equation the value of 

d9 in equation No. 2 

nd X ^ ^ X 

e Cos 9 Ne cos 9 



= Nn 



dX 

The expression ^^4- is the resolving power of the 
d A 

grating, d X is the smallest difference of wave length 
between lines of a mean wave length equal to X , which 
can be resolved in the nth spectrum of a grating con- 
taining N rulings. This equation gives the conditions 
where the maximum of light of wave length X +/iX falls 
upon the first minimum of light of wave length X • 
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When — 4- = "p" is taken as the resolving power, the 
physical meaning is that in the spectrum the minimiim of 
light of one wave length falls upon the minimum of light 
of the other wave length, thus giving a very distinct 
line in the spectrum for the light of each wave length. 
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THE ECHELON GRATING. 

It has already been shown that the power of a grat-UX^ 
to separate different wave lengths of light and form 
distinct lines in the spectrum is directly equal to the 
product of the order of the spectrum observed and the 
number of rulings in the grating. 'A'ith a ruled grating 
the spectra of the higher orders are so faint that they 
cannot be used to any great advantage. As the number of 
rulings is increased the order of spectrum which can be 
used is decreased, thus decreasing the effectiveness 
which would otherwise be realized by increasing the 
number of rulings. Gratings have been ruled with sp ▼nany 
as 40,000 lines to the Inch. All of these lines have to be 
similar, parallel, and eauidlstant, maLklng the ruling 
of a grating veiy difficult, and the extent to which It. 
could be carried limited. 

The Mlohelson echelon grating Is a type of trans- 
mission grating so constructed that spectra of very high 
orders can be observed, thus giving the Instrument an 
enormous resolving power. This grating Is made un of a 
great number of similar plates of glass built up In steps 
as represented In Fig. 4. The plates are all of equal 
thickness, the steps are of eaual width, and they are all 
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8 
made from the same kind of glass. 

In Fig* 5 light enters at corresDonding points on 
adjacent ste^s of the grating. The ODtical path of one r^^ 
is (/it - t) greater than that of the other^ u/here t is 
the thickness of the plates and^AA^is the optical density 
of the glass of which the plates are made. This differeooe 
in optical path mu^t equal some whole number of wave 
lengths if the light from the two sources is to be in the 
same phase upon reaching WF. 

pQ - l)t = n K. 

If light having a wave iengxn A and a refractive 
index of ^^ enters the grating it will uDon leaving the 
grating make an angle dO with the rays of wave length X 
and refractive index ^ca. . Since where angles are very 
small, the numerical value of the an«le measured in 
radians may be riiaced eaual to the tangent of the angle 
dO « 5". The retardation is Iv^ - 1) t - x which eauals nX. 

(y -l)t-x-(/A.l)t=nX'-nX 
or-x«n(X-X)- (/^ -y^) t 

dO « I - [n{ K . X') - (/>i-/^') tl/e 



'' - [" - l^#j/. ^ 



It has already been shown that two wave lengths 
Aand X can be resolved and made to form seT^r«.te images 
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in the SDeotrum when the first maximxun of the diffracted 
image of one falls upon the first minimxon of the other. 
It has also been shown in the discussion on Theoiy of tVie 
Grating, that this takes place when the total retardation 
of the rays coining from the outer edges of the grating 
is one wave length greater for \ than for X or vice versa. 
The total width of the echelon grating is eN, where N is 
the number of Dlates and e is the width of each step. Thei 
the total relative retardation of one wave length over 

another wave length must eaual Ne dO « X from which 

d9 

-y * JSTe. Multiplying eauation (4) by this last equation, 

^ . H(. - 1^) 

The right hand member of the last eauation is ap- 
proximately equal to Un. This proves that the fcnnula 
for the resolving -"^ower of a ruled grating, ^nhirth has been 
proved in the discussion on theory of grating, holds good 
for the Michelson's echelon grating. 

Therefore, ^ = Un 

d A 
The physical meaning of the last equation is that 

d X is the smallest difference of wave length which light 
of two different wave lengths X and X n^ay have, and be 
resolved in the n " order of a grating with N plates. 

It also shown that the resolving power is directly propor- 
tional to the numoer of plates of which the grating is 
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10 
composed and the order of the spectrum observed. The 
order of the spectrum has been shown proportional to 
the thickness of the elates, therefore the resolving 
power is proT)ortion«^l to the total thickness of glass. 



Digitized by 



Google 



Digitized by 



Google 



EZPERTMKWTAL. 



Digitized by 



Google 



Digitized by 



Google 



CONSTANTS OF APPARATUS. 

Number of plates in grating, 32 

Number of steDS in grating, 33 

The ontical density and thickness of the Dlates weR 

determined by the microscope method* 

The optical density aa. is approximately for 

white light, - 1.54 

The thickness of the t)lates is, 7.24Wv.ni. 

The order of the spectra formed by this grating may 

be roughly determined by the fonnula (yn - l)t = n X which 

has already been develOT^ed. Substituting in this foimula 
the values above determined f or^ and t, and Dlacing 
X « .6 X lO^^rfvVrv. which is roughly the wave length of 

the D lines 

(1.54 - 1) 7.24 = n*.6 X lO"^ 

(1.54-1)7.24 ^^^^ 

^ "" .6 X 10-S • 6516 

In a similar manner the resolving Dower of the grating 
may be calculated, by substituting in the formula ^A« = Nn 
which has also been develoned, the resT)ective values for 
N, n, and X • For the grating used N = 33, n = 6516, and 
X may be taken eoual to •0006)W.Yv\. 
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12 
s 33 X 6516 - - 216028, 



The smallest difference in wave length which two 



waves can have and still be resolved by the grating 
may be determined by solving the eauation for ^\ . 

'^X = -i222|---. .00000000279 rvc.in, 

33 X 6516 


The Angstrom unit expressed in millimeters eanals 
• 0000001* Therefore the ratio of^Xto the ingstrom 
unit is less than three hundredths . 
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STUDY OF THE MERCURY LIUES. 

The echelon was first used to analyze the llcrht 
from the mercury arc. The arc was of the Arons type and 
OT^erated on about eight amperes direct current. The 
apparatus was arranged as represented In Fig. 6. The 
mercury arc was so placed that rays of light from It 
entered the collimator at the silt s, after passing thru 
the lens. These rays were rendered parallel by the 
collimator 9 and then passed Into the echelon grating. 
From the grating the light passed thru a prism from which 
It entered the telescope. The prism served to separate 
the light from the mercury arc Into Its seven principal 
lines: the orange lines \ = 5790 and 5769 A. E., 
bright green X = 5461 A. E., faint green X = 4916 I.E.. 
purple X ^ 4358 A.B., and violet X - 4078 and 4047 l.'E. 

The telescope was so mounted that by turning It any 
line desired could be brought into view. Then by adjusting 
the prism so that it was in its position of minimum devia- 
tion, and focusing the telescope, theire lines became dis- 
tinct- Each was so resolved by the grating that it was 
found to be composed of several wave lengths dlfferlnp: 
sufficiently one from the other so as to form separate 
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14 
lines. 

The orange lines were studied first and with the ap- 
paratus arranged as shown In Fig. 7, the light could he 
separated Into the two distinct lines by means of a nrlsm 
and imo lenses before it passed into the collimator. This 
system containing the slit, lenses, and prism was then so 
arranged that first one and then the other of the narrow 
orange lines could be thrown into the grating by moving 
one of the lenses, which was conyeniently mounted so as 
to be adjusted by means of a screw. Within the grating 
the lines were further resolved so that the components 
could be clearly separated. 

Number 1 of the accompanying plate represents the 
resolution of line X - 5790. This corresponds thruout 
with that of L. Janlcki which is reproduced in the plate 
and labeled l.J. The light which forms these lines is 
made up of four components differing in wave length suf- 
ficiently to be resolved by the grating. ^ a slight re- 
adjustment of one of the lenses the orange of wave lenp;th 

X = 5769 rcDlaced the first orange. Number 2 is a 
drawing of the line as fonned by this light. The light 
is all of so nearly the same wave length that but the one 
distinct line could be detected in the n*^ order. Jan- 
lcki' s drawing shows but the one line. 
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15 
lumber 3 represents the 8T>eotrum formed by the 
strong green X • 5461* This line is made un of at 
least five comr^onents ^ich were set^arated by the grat- 
ing. The intensity of each oomnoonent is shown in the 
diagram by making the line representing the comr^onent 
oorresT^ondingly heavy. This street rum differs from that 
of Janicki only in that the components differ slightly 
in arrangement due to the constants of the apparatus. 
Number four ret^reeents the faint green line X * 
4916 which is nearly midway between the light green and the 
purple. This line was miite faint and the grating did not 
bring out more than the one wave length. Janicki gives 
no diagraun of this line. 

lumber 5 is a drawing of the line of wave length X - 
4358. The two outer and dark lines are different orders 
of the same wave length of light. This light is composed 
of five components differing in wave length sufficiently 
to be separated. At times it seemed as tho the outer 
dark lines were split; if so this light is made up of six 
components, two components of great intensity and four of 
comparatively less intensity. Janicki 's spectrum for 
this light is indistinct and blurred but his explanation 
states that he succeeded not only in separating the two 
inner lines each into two senarate lines, but he also 
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succeeded In splitting the outer neavy lines* Thus his 
spectrum brings out six components, 

numbers 6 and 7 are drawings of tne spectrum formed 
by the faint violet of wav« lengths X * 4078 and 4047 
respectively. This light wan oulte faint and consider- 
able dlffl'^ulty wa« exr^erlenced In admitting each line 
senarately Into the grating. 

The same arrangement of apparatus, Fig. 7, as was 
used In secaratlng the orange lines, was made to serve the 
purpose here. When the lenses, the silt, and the prism 
were properly adjusted relative to one another, the 
mercury arc and the silt of the collimator leading to 
the grating, two very faint fine lines, barely senarated, 
could be seen. Then by readjusting one of the lenses, 
these lines could be thrown one at a time Into the grat- 
ing where they were further resolved. Bumber 6 Is the 
drawing for wave length X « 4078. The grating did not 
bring out more than the one comt^onent, two orders of which 
are shown. Janlckl's diagram for this sfoectrum shows 
first three faint comt)onents In addition to the one prln- 
clDal component. Bumber 7 Is a drawing of the spectrum 
formed by light of wave length X = 4047. The grating 
resolved this light into three components, one being of 
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much greater intensity than the other two. The figure 
shows two orders of the connoonent of greatest intensity 
and one order each of the components of lesser intensity. 
The fainter components are found one on each side of the 
components of greatest intensity. Janicki brings out 
one faint comDonent in addition to the ones above men- 
tioned. 
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TEST FOR dSpPLER EFFECT IN MERCURY ARC,'" 

The Doppler effect can be best e:qp.alned by reference 
to this phenomenon in sound. If a source of sound Is 
causftd to move rapidly toward a listener, more sound 
waves will reach the ear of the listner in a second of 
time than where the soxirce remains stationary. That is, 
the period is given a negative increment. How the wave 
length Xt the period T, and the velocity V. are con- 
nected by the following relation: V T * X • ^^ ^ i® 
given an increment, )v will be decreased, andV(Tf ^T) « 
( X-f-AX)* where the corres**^ ending increments are of the 
same sign. Since the pitch of a note is inversely pro- 
portional to the wave length, the listener will exnerlenoe 
a rise in the pitch when the source is moving toward him 
and i^ X 1^ negative t and a fail in pitch when the source 
is moving away and ^X^^ positive. Sdser states the law 
as follows: "Relative motion between an observer and a 
source of wave disturbance increases or decreases the ap- 
parent period of the emitted waves, according as the mo- 
tion Increases or decreases the distauQce between source 



1 Edser's Light for Students, pp. 350-357 

2 Edser's Light for Students, p. 351. 
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19 
and observer." The amonnt of this change depends upon the 
rate of relative motion. 

The Doppler phenomenon has been observed In light. 
According to this prlnclT^le, If a star Is moving away 
from the earth, the wave length of radiations emitted 
by the star should be longer than If the star were flt«i- 
tlonary. If the star were moving toward the earth the 
spectral lines should be displaced toward the violet end 
of the spectrum . In 1868 Dr. Hugglns found this to be 
true. He discovered that In the ST>ectrum of Slrlus the 
F line wa« slightly shifted toward the red end of the 
spectrum. This Indicated that Slrlus Is moving away 
from the earth. The exact amount of the shift was measured 
and the amount of relative motion between the earth and 
Slrlus calculated. 

The aim In the following experiment Is to determine 
whether or not the light emitted by the mercury arc Is 
affected by this phenomenon. That Is, to determinism 
whether the passage of the current thru the arc gives 
to the vibrating particles a directed motion of such 
magnitude that Its Doppler effect can be observed. If 
so, reversing the current thru the arc would cause a shift 
In the lines formed In the spectrum. 
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20 
Fig. 8 shows the arrangement of apparatus for this 
exDeriment. The arc was operated on about 8 anroeres di- 
rect current. Mirrors were so arranged as to reflect the 
llftht from the two endn of the arc« thru lenses, and then 
to second mirrors so placed as to cause the llRht to 
make an angle of 90^. From the last mlrrois the light 
passed thru glass prisms and was totally reflected from 
the back surface of each prism, so as to enter the silt 
of the collimator leading to the grating, In parallel 
beanp. The prisms reflecting the ll^t were Placed one 
over the other, so that the ST)ectrum formed by the light 
coming from one end of the arc would be located Just above 
the corresponding spectrum formed by the light coming 
from the other end of the arc. After passing thru the 
grating the llfiiht entered a prism which separated It, 
forming the principal lines. These lines were then 
studied. The light from the two sources formed continuous 
lines dnd the components of each principal line were also 
continuous. The direction of the current thanz the mer- 
cury arc was then reversed by means of a commutator and 
the position of the components In each line observed. 
There was no appreciable shift In any instance and only 
a slight shading showed where the upper spectrum united 
with the lower. 
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21 
Th^ conclusion reached is that the period of vibra- 
tion of the light coming from one end of the arc is not 
increased or decreased over the period of the corres- 
ponding light coming from the other end of the arc, suf- 

if 
ficiently for its Doppler effect to be observed. In 

other words, the linear velocitwof the vibrating ions 

are relatively small. 
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